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(57) ABSTRACT 
For manufacturing monaspherical lenses, a correction 
layer of a synthetic resin is provided on a substrate 
having a spherical surface. In this method, centering is 
performed by using the curvature of the surface of the 
matrix. With a correct choice of the radius of curvature 
of the substrate surface, the substrate approaches the 
matrix most closely near a collection of inflection points 
in the matrix surface situated on a circle. A good center 
ing without a guiding mechanism is possible by using 
the method according to the invention. Moreover, the 
differences in thickness in the correction layer are small 
enough to prevent shrinkage defects upon curing of the 
synthetic resin layer. 

3 Claims, 1 Drawing Sheet 

  



FIG.3 FIG.4 
S 

8, FIG5 

  



4,738,516 
1. 

OPTICAL ELEMENT HAVING AN ASPHERIC 
SURFACE 

This is a division of application Ser. No. 683,094, filed 
Dec. 18, 1984, now U.S. Pat. No. 4,623,496. 

BACKGROUND OF THE INVENTION 
The invention relates to a method of manufacturing 

an aspherical optical element. The aspherical optical 
element includes a substrate having an approximately 
spherical surface and a synthetic resin correction layer 
provided on the spherical surface. The free surface of 
the correction layer is convex aspherical and has a col 
lection of inflection points situated approximately on a 
circle. 
According to the method, the substrate is placed 

opposite to and spaced from a rotationally symmetrical 
matrix which has a concave aspherical surface having a 
collection of inflection points situated approximately on 
a circle. A curable liquid synthetic resin composition is 
provided between the matrix and the substrate, and the 
distance between the matrix and the substrate is reduced 
to a desired final position. The synthetic resin composi 
tion is then cured, and the substrate together with the 
correction layer connected thereto are removed from 
the matrix. 
The invention also relates to a device for performing 

the method, and the aspherical optical element made by 
the method. 
The method may be used, for example, for manufac 

turing monaspherical lenses. 
British patent 1,301,551 discloses a method of manu 

facturing an aspherical optical element by providing a 
thermosetting layer of synthetic resin on a flat or spheri 
cal substrate, for example for correction of aberration. 
The variation in thickness of the layer of synthetic resin 
must be in agreement with the desired correction. A 
positive curvature may be necessary in the center of the 
optical element and a negative curvature may be neces 
sary at the edge. In between, a collection of inflection 
points exists on the surface of the correction layer. 

If the layer of synthetic resin is too thick, inaccuracies 
arise due to shrinkage of the resin during curing. The 
correction layer may be made thinner by providing the 
substrate with approximately the desired surface, but a 
spherical substrate can be manufactured more simply 
and more accurately than a substrte having an aspheri 
cal surface. 
When a spherical substrate is used it is necessary to 

center the substrate accurately with respect to the ma 
trix prior to curing the synthetic resin. For that purpose, 
a guiding mechanism may be provided to keep the ma 
trix and the substrate in their desired positions. 
Athermosetting resin is used in the method described 

in British patent 1,301,551. Alternatively, the synthetic 
resin may be light-curable, as described, for example, in 
German patent application 2,637,257 (corresponding to 
British patent 1,535,986). 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
method of manufacturing an aspherical optical element 
from a substrate having a spherical surface, in which the 
substrate and matrix can be positioned without a guid 
ing mechanism and in which shrinkage of the correction 
layer does not give rise to inaccuracies. 
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2 
According to the invention, this object is achieved by 

a method in which the spherical surface of the substrate 
has a radius of curvature chosen such that the synthetic 
resin layer has a minimum thickness adjacent to the 
collection of inflection points. 
The invention is based on the discovery of the fact 

that the radius of curvature of the spherical surface of 
the substrate can be chosen freely within certain limits. 
The correction layer also functions to correct the focal 
distance. 
When the radius of curvature of the substrate is 

chosen according to the invention, the substrate and the 
matrix approach each other most closely near a collec 
tion of points which are situated on a circle. This diame 
ter of the circle is not too small, so that accurate posi 
tioning is possible. Such accurate positioning is not 
possible when the radius of curvature of the spherical 
surface of the substrate is so small that the substrate and 
the matrix approach each other most closely near a 
single point approximately in the center of the matrix 
and the substrate. Moreover, in that case the thickness 
of the correction layer at the outer edge becomes unde 
sirably large. As a result, shrinkage problems arise dur 
ing curing. 

If, on the other hand, the radius of curvature of the 
spherical surface of the substrate is so large that the 
substrate and the matrix approach each other most 
closely near the outer edge of the substrate, then accu 
rate positioning is possible. However, in that case the 
thickness of the correction layer is too large in the cen 
ter. This again gives rise to shrinkage problems, 

If the points of nearest approach of the substrate and 
the matrix are situated in the center or at the edge of the 
correction layer, then the differences in thickness in the 
correction layer are approximately twice as large as 
when these points are situated adjacent to the collection 
of inflection points. 

BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a cross-sectional view of a substrate and a 

matrix according to the invention. 
FIG. 2 is a cross-sectional view of a substrate with a 

correction layer according to the invention. 
FIG. 3 is a cross-sectional view of a substrate and a 

matrix not according to the invention. 
FIG. 4 is a cross-sectional view of a substrate and a 

matrix not according to the invention. 
FIG. 5 is a cross-sectional view of a substrate and a 

device according to the invention. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 
FIG. 1 is a cross-sectional view of a matrix 1, for 

example made of glass or a metal. The inner surface 2 of 
matrix 1 matches the desired outer surface of the cor 
rection layer. 
The substrate 3 may be manufactured, for example, 

from glass or a transparent synthetic resin. Substrate 3 
has an approximately spherical outer surface 4. 
A quantity of a curable liquid synthetic resin compo 

sition is provided between the surfaces 2 and 4. Then 
the distance between the matrix 1 and the substrate 3 is 
reduced to a desired position. Finally, the curable syn 
thetic resin composition is cured. The curable liquid 
synthetic resin composition may be provided between 
the matrix 1 and the substrate 3 after they have been 
placed opposite each other, but it is efficacious to first 
provide a drop of the curable synthetic resin composi 
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tion on the substrate or on the matrix and then press the 
substrate and matrix together. 
The choice of curable synthetic resin composition 

depends on the requirements which are imposed on the 
correction layer, for example as regards hardness, light 
transmission and refractive index. Suitable starting ma 
terials are monomeric or oligomeric acrylates, or an 
epoxy resin for example the diglycidyl ether of bisphe 
nol A with which a,a-dimethoxy-a-phenyl acetophe 
none may be used as an initiator. This synthetic resin 
may be made to cure under UV light, for example by 
exposure to the light of a medium-pressure mercury 
lamp having a wavelength of 360 nm for 1 minute. 
FIG. 2 is a cross-sectional view of the substrate 3 

bearing a correction layer 5. The free surface 6 of cor 
rection layer 5 has the desired aspherical shape. The 
diameter of the substrate 3 may be, for example, 5 mm. 
If in that case a weight of 30 g is used to compress the 
substrate 3 and the matrix 1 during curing of the syn 
thetic resin layer 5, the smallest thickness of the correc 
tion layer 5 after curing will be approximately 1 um 
(adjacent to the substantially circular collection of in 
flection points) as a result of capillary forces. In that 
case, the largest thickness in the center is 7-15 um and 
the largest thickness at the outer edge is approximately 
15 lum. 

I desired radius of curvature of the spherical sur 
face 4 of the substrate 2 according to the invention can 
be simply determined geometrically from a drawing or 
by a few experiments in which an accuracy of a few 
microns is necessary. Control of the place where the 
synthetic resin layer has the smallest thickness is possi 
ble, for example, by measuring interference rings. 
COMPARATIVE EXAMPLES (not according to the 

invention) 
FIG. 3 is a cross-sectional view of a matrix 1 and a 

substrate 7. Substrate 7 has a surface having such a small 
radius of curvature that the matrix 1 and the substrate 7 
approach each other most closely near the center of the 
matrix 1 and the substrate 7. The thickness of the cor 
rection layer at the outer edge is approximately twice as 
large as in the example according to the invention. 
Moreover, the matrix 1 and the substrate 7 are not accu 
rately positioned relative to each other because lateral 
displacement of the substrate 7 with respect to the ma 
trix 1 is possible unless the two are pressed together 
very strongly. 

FIG. 4 is a cross-sectional view of a matrix 1 and a 
substrate 8. In this case, substrate 8 has a surface having 
such a large radius of curvature that the matrix 1 and 
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4. 
the substrate 8 approach each other most closely near 
the outer edge of the substrate 8. The thickness of the 
correction layer 5 in the center is approximately twice 
as large as in the example according to the invention. As 
a result, the synthetic resin layer 5 shrinks considerably 
in the center on curing to form surface irregularities. 

Example of a device according to the invention 
FIG. 5 is a cross-sectional view (not drawn to scale) 

of a substrate and a device according to the invention. 
The device includes a light transmitting matrix 9 bear 
ing on an annular support 10. A substrate 3 having a 
surface with a radius of curvature according to the 
invention is present above the matrix 9. Both the sub 
strate 3 and the matrix 9 have flat rear surfaces. A quan 
tity of a curable liquid synthetic resin composition 5 is 
provided between the matrix 9 and the substrate 3. 
The substrate 3 is pressed toward matrix 9 by a plate 

11. Plate 11 is parallel to the support 10 and can be 
moved between guides 12 with respect to the support 
10. The plate 11 is pressed against the substrate 3 with 
an accurately determined force, for example by a 
weight 13. Plate 11 therefore orients the substrate paral 
lel to matrix 9 as the substrate and matrix are pressed 
together. The curable liquid synthetic resin composition 
5 may be cured by exposure to the light of an ultraviolet 
lamp 14. The light from lamp 14 reaches the resin 5 by 
passing through the matrix 9. 
When using the method according to the invention it 

is also possible to use a matrix which is not light trans 
mitting. In that case, light may be guided to the syn 
thetic resin composition through the substrate. Alterna 
tively, it is possible to use a heat-curable synthetic resin 
composition. 
What is claimed is: 
1. An optical element comprising: 
a substrate having an approximately spherical surface 

with a radius of curvature; and 
a layer of synthetic resin on the spherical surface of 

the substrate, said resin layer having an aspherical 
convex outer surface with a collection of inflection 
points situated approximately on a circle, said layer 
having a varying thickness; 

characterized in that the minimum thickness of the 
resin layer is located adjacent to the collection of 
inflection points. 

2. An optical element as claimed in claim 1, wherein 
said synthetic resin is an acrylate resin. 

3. An optical element as claimed in claim 1, wherein 
said resin is a diglycidyl ether of biphenol A. 
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